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1he overall behaviour of laterally loaded cross-braced timber 
frames is investigated. Frame behaviour is classified as ductile or 
non-ductile when subject to reverse cyclic loading. Individual Nailon 
plated joints were tested and a regression equation fitted to the load-
displacement curves. The strength of Nailon plated joints loaded 
perpendicularly to the grain was investigated. Ten fra1:1es simulating 
diagonally braced light timber frame walls incorporating a variety of 
joint details were constructed and tested to failure. In addition, 
four diagonally braced frames with Nailon plated joints were tested. 
Two types of connection suitable for attachment of a frame to its 
supports were tested. A numerical model of Nailon plate was developed 
and used to predict the behaviour of a particular type of connector. 
Toothplate connectors and light nailstrap bracing are identified 
as non-ductile elements in a frar:ie. Frames constructec1 with t~ailon 
plate are strong, stiff and ductile. Published design loads for nc1ils 
in r;ailon plate appear to be conservative. Frari1es must be detailed to 
prevent out-of-plane buckling of the timber members. Joints r;iust be 
detailed to minimize the effects of combined perpendicular-to-grain 
tension and sbear in the timber. More investigation is required on 
joints where this occurs. 
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Timber is one of the oldest construction materials but its 
properties and behaviour are still not well understood. Timber is the 
basic material used for the construction of most domestic dwellings and 
some larger commercial buildings in New Zealand. Research is necessary 
to determine the properties of this material before more effective use 
can be made of it in large structures. In contrast, steel and 
reinforced concrete are used for most large structures today. Tnis is 
because they have consistent properties and have been subjected to 
intensive study. 
1. TIMBER AS A CONSTRUCTION MATERIAL 
Timber strength is variable, varying even between samples taken 
from the same tree. Timber is a brittle material in some directions. 
Failure can occur with little warning. These two properties suggest 
that a structure constructed with timber should be designed to prevent 
failure of the timber members. This is achieved by incorporating other 
materials into the structure which are ductile (to prevent brittle 
failure of the timber), and have a predictable strength. 
Providing ductile connections between the timber members is a 
good design philosophy. Ductile connections provide weak-links which 
prevent failure of the timber through over-loading, and the required 
ductility of the structure. This enables the behaviour of the 
structure to be based upon the known behaviour of the connections. 
2 
2. DESIGN APPROACHES 
Design of timber structures in New Zealand is regulated by two 
design codes of practice. NZS 4203:1984 [9] gives design loadings to 
be applied to the structure and NZS 3603:1981 [8] gives the methods for 
evaluating how the structure will resist those loads. 
There are two methods for ensuring that a structure will not 
collapse. One method is to factor the loads on the structure to obtain 
a larger load and designing the structure to resist this. This is the 
strength method defined in the Loadings Code, NZS4203:1984. The 
'Alternative method', NZS 4203:1984, factors the material strength 
down. The loads for this design method remain unchanged. This is the 
design method which the Timber Design Code, NZS 3603:1981, requires to 
be used. 
Gravity loadings as defined by NZS4203:1984 are not considered 
in this project report as they have an easily predicted magnitude and 
are applied only in one direction. Wind or seismic (abbreviated 
wind/seismic) loading, however, places loads on the structure which 
have a less well defined magnitude, alternate in direction and are of a 
considerably shorter duration than dead loads. 
The structure must be designed to resist the maximum possible 
wind load without excessive deformation or failure of any components. 
Seismic loads are the least predictable. The design load is the 
equivalent static load on the structure resulting from the expected 
earthquake, assuming that the structure behaves elastically. This load 
may be reduced if the structure is expected to behave in a ductile 
manner. The size of this reduction is dependent on the expected 
ductility of the structure. TI1e reduction increases as the ductility 
increases. Part of the scope of this report is to determine the 
ductility of timber frames . 
3 
Dean and Buchanan [1] have presented a method for establishing 
the seismic design loadings based the structural type. Two categories 
of structure were defined, according to whether the structure is 
ductile or non-ductile. This ductility is dependent on the external 
connections as well as the connections within the timber structure. 
Two types of frame are described in this report, the first type 
(described in Chapter 4) is classified as non-ductile and the second 
type (described in Chapter 5) is classified as ductile. 




The properties of the joints in a structure are important so 
individual joints were tested to determine their behaviour. This 
report describes the behaviour of both internal and external joints. 
3. CONNECTION MATERIALS 
There are two types of connection which are reasonably quickly 
and easily attached to timber members; toothplates with teeth integral 
with the plate material and Nailon plate with prepunD.~ed holes through 
which nails may be driven. 
Toothpla tes, such as Gang-Nail GN10 [ 4] (fig. 1.1 (a) ) , are 
galvanised steel plates which have teeth stamped out and bent 
perpendicular to the plate. The teeth are pressed into the timber 
members {fig. 1.l(b)) to form the connection. They are always used in 
pairs on opposite faces of the timber members. This type of plate has 
a high tooth density within the plate and is rapidly pressed into the 
timber with a large press. This connector is mostly used for light 
truss construction. 
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(a) \ b) 
Figure 1.1 a) Toothplate connector and b) Resulting connection. 
Nailon plate (fig. 1.2(a)) is thin steel plate, between 1 and 
3mm thick, which has a series of pre-punched holes in it . Nails are 
driven with a hammer through the holes into the timber member (fig. 
1.2(b ) ). Nailon plate [6] is 110 mm wide, 1 or 2 mm thick and 
accommodates 11 Nails per 40 mm of length. 
1:3 ..,."' o! "o\es 
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Figure 1.2 a) Nailon plate and b) The resulting connection. 
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4 . SCOPE OF TI-IIS REPORT 
The following is a summary of the following Chapters. 
2. The load-displacement relationship for connections using Nailon 
plate is investigated. Six joints were tested and an empirical 
equation for individual nail behaviour is presented. 
3. Four types of Nailon plated frame corner joint were tested. In 
each joint type one of the timber members was loaded 
perpendicularly to the grain. The effect of varying the placement 
of the nails within the timber member was investigated. 
4 . Ten 2 m x 2 m timber frames wer e constructed to simulate diagonally 
braced frames in light timber constructrion. The frames were 
tested to determine the response of the connectors to cyclic 
loading . 
5. Four 2 m x 2 m diagonally braced timber frames with 150 x 50 mm 
timber members and Nailon plate joints were tested to determine the 
ductility of the connections. 
6. Two commercial types of external ''hold-down" connection were tested 
to determine the stiffness of these types of connection positioned 
between a frame and its supports. 
7. A numerical model of a Nailon plate connector is developed and used 
to predict the behaviour of connections constr ucted with flat or 
folded Nailon plate. 
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CHAP1ER II 
IDAD-DISPlACEMENT CURVES FOR NAIIDN PlATE 
1. INTRODUCTION 
In this chapter the behaviour of the connection of Nailon plate 
to timber is described. The load-displacement behaviour of joints 
representative of a splice within a straight member and connections 
between perpendi cular members were both tested . 
The relationship between the joint load and the total joint 
displacement was obtained from the tests. Quantifying t his 
relationship allows the analysis of a complete frame by superposition 
of the member and joint deformations. 
Previous researchers [3, 5, 11] have obtained load vs 
displacement relationships for various types of nailed joint. They 
analysed timber to timber, plywood to timber and steel plate to timber 
connections. The latter relationships are not representative of joints 
formed with 1 mm thick Nailon plate because thicker steel plates (3- 5 
mm thick) were used. These thick plates provide clamping of the nail 
near the nailhead, forcing the nail into a double curvature bending 
mode. Out of plane deformations of the plate itself are more likely to 
develop in the Nailon plates than in plates over 3 mm thick. 
2. SPECIMENS 
Six specimens were constructed from ex 150 x 50 rough sawn, dry 
Pinus Radiata, and three of these were tested with parallel-parallel 
connections, where the grain and loading directions are the same for 
both pieces of timber (subsequently referred to as a 'parallel' 
connection, fig. 2.l(a) ). The other three were tested with parallel-
perpendicular connections (referred to as a 'perpendicular' connection, 
fig. 2 .1 ( b) ) • 
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A 200 mm length of 110 x 1 mm Lumberlok Nailon plate was placed 
across the joint on both sides of the timber members and secured with 
ten 35 x 3.15 mm diameter galvanised flathead nails (Lumberlok 'product 
nails') [6] in each nailgroup (see Groups A,B,C,D in fig. 2.1). This 
gave a rated wind/seismic load of 10 kN for the joint based on 
Lumberlok data [6]. The rated wind/seismic load based on NZS 3603:1981 
(8] is 8.0 kN. This load includes a factor of 1.25 
increased load because of the steel side plate) but not 
( allowing an 
the reduction 
factor K13 (a reduction for joints with more than one nail). 
Requi rements for nail spacing according to NZS3603:1981 were not 
adhered to for the nail to edge-of-member distances, or along the grain 
in nailgroups C or D (fig. 2.l(b)). There was some variability of 
group nailing patterns between specimens, as only 10 of the available 
holes in the Nailon plate were filled, but it was not expected that 









Fig 2.1 Construction Details of (a) parallel-parallel 
and (b) parallel-perpendicular specimens 
n 
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3. TEST PROCEDURE 
Testing was carried in a displacement-controlled machine at a 
rate of 2 mm/minute. Initially the joint was loaded in tension 
(assumed positive) to its computed target wind/seismic load, unloaded, 
loaded to an equal magnitude in compression and unloaded again to 
complete one loading cycle. A second loading cycle was then applied 
with the same target load as the first. The target load was then 
increased by an increment equivalent to wind/seismic load or half of 
wind/seismic load for each subsequent two loading cycles. Tne cycling 
was stopped when it was obvious that the specimen was displacing by a 
large amount with no increase ( or even with a decrease) in sustained 
load. 
The second two of the perpendicular tests were carried out 
monotonically in tension as it was evident that the cycling produced a 
bounding curve similar in shape to the expected monotonic curve. 
4. TEST OBSERVATim~s 
All of the specimens behaved in a similar manner. There was no 
significant separation between the plate and the timber until the 
displacement of the nailgroup reached about 10 mm (3 nail diameters), 
at which point the nails begin withdrawing from the timber. 
It was observed that the 
2.l(a)) was different to that 
displacement of nailgroup A (fig. 
of C but that the proportion of 
displacement of group A to that of C remained constant for most of the 
test. A similar but slightly different proportional constant applied 
for groups Band D. This was not true, however, for large joint 
displacements where two of the nailgroups (either A and B or A and D) 
displaced no further, as all of the joint displacement took place in 
the other two groups. 
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In Parallel test 2, two of the nails were too close to the end 
of the timber a·nd caused small pieces of timber to be pushed out into 
the gap between the ends of the timber members. These pieces then 
jammed between the timber members as the joint closed in compression. 
The bent shape of the nails in all of the joints was similar, 
bending at a point approximately 4 nail diameters from the surface of 
the timber after a nailslip of 2 nail diameters was attained. Figure 
2.2 shows the bent shape of the nails as the joint was cycled to 
increasing displacements. In the joints which were loaded to failure, 
the nails began to withdraw from the timber after displacing about 3 
nail diameters at the surface. TI1is caused separation between the 
Nailon plate and the timber, moving progressively from the end of the 
Nailon plate toward the centre of the joint, as the joint displacement 
increased. 
I I r's~, 
I I I 
I 
;; in.nc.1 r.o:,I po,,;,lioo 
I 
Figure 2.2 Nail behaviour in response to increasing deformation 
Little curvature developed in the nail between the head and 
the point of bending for both parallel-to-grain and perpendicular-to-
grain nailhead displacements. The deformation pattern of the timber 
around the nails was not similar, with the nails splitting the timber 
apart in the parallel case and tearing through the fibres in the 
perpendicular case (fig. 2.3). 
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j --ir -~·- -- --__ -- ~ 
Timber Grain 
le.) lb) 
Figure 2.3 Timber behaviour with nail loaded a) parallel-to-
grain and b) perpendicular-to-grain. 
5. DISCUSSION 
Figures 2.4 to 2.9 give the load-displacement plots for the six 
tests. The plots ex...~ibit characteristics typical of nail-timber 
connections. The bounding curve, equivalent to the monotonic curve, 
has an initially high stiffness which decreases with increasing 
displacement, until a point is reached where the joint has reached its 
ultimate load. After this the load decreases for an increasing 
displacement. Tne monotonic curve is followed wherever the nails are 
being displaced further than any previous position attained in the 
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The hysteresis loops, or plots of load-displacement for a 
complete loading cycle of positive and negative load, are also similar 
to those of ductile timber structures. During loading in the positive 
direction, the monotonic curve is followed unless the joint has been 
displaced further in a previous cycle. In this case, the stiffness is 
very much lower until a position is reached where the nails again bear 
against the timber, resulting in increased stiffness, almost attaining 
the initial tangent stiffness. The stiffness reduced again to follow 
the monotonic boundary curve as it is approached. As the load is 
released the joint returns elastically a small amount toward its 
ini t i al position, the remainder of the deformation being i r recoverable. 
This behaviour in structures has been idealized previously by 
Stewart et al. [2] as that of a slackness oscillator, i.e. a mass 
oscillat~ng between two springs of equal stiffness (fig 2.lO(a)). A 
single joint has a response more consistent with the oscillator shown 
in figure 2.lO(b), but a complete frame will have some joints in 
tension and others in compression so that the Stewart model is a 
realistic model of the overall behaviour. 
la.) lb; 
Fig 2.10 Idealized elastic responses incorporating slackness 
(a) For the structure as a whole [2] . 
and (b) For an individual joint. 
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A two-part empirical regression curve (fig 2.ll(a)) has been 
fitted as an average of all of the test plots (fig. 2.ll(b)) and is 
used as a basis for the numerical model developed in chapter 6. 
Equation 2.1 gives the relationship between the force on one nail and 
the total joint displacement (6), and equation 2.2 relates the force to 
the nailgroup displacement ( nailslip (x) ) of the individual nails 




0.933 6°· 54 
0.933 + 0.5 ln 6 
1. 357 x ,0 · 54 
0.933 + 0.5 ln 2x 
0 ~ 6 < 1.0 mm 
1.046 < 11 mm 
0~ x < 0.5 mm 
0 . 5 ~ x < 5 . 5 mm 
F = load on one nail in kN 
6= total joint displacement in mm 
x = timber-plate nailslip in mm 
(2.1) 
(2 .2) 
The ultimate load of 2 kN / nail was attained at a nailslip (x) 
of 6 mm on average (i.e. 12 mm gap between the timber members). This 
would be an unacceptably large displacement for non-seismic 
situations. For this reason, some timber design codes require 
basic nail loads must be derived from the load for a nailslip 




The nail load at 0.4 mm nailslip lies in the range of 0.7 to 0.9 
kN per nail within the nailgroup, with equation 2.2 giving 0.83 kN. 
For all 6 tests the individual nail loads reached 1.0 kN before 0.8 mm 
nailslip was attained. Table 2.1 gives the basic nail load computed 
according to the procedure in NZS 3603:1981 Appendix A, the basic load 
from Lumberlok [6] data and the NZS 3603:1981 nail load ( NZS 3603:1981 
Table 11 Basic working load of 214 N multiplied by 1.25 for metal 
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Figure 2.11 a) Empirical regression curve from Equ. 2.2. 
b) Test plots. 
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Table 2.1 Comparison of nail loads for a 3.15 mm nail. 
There appear to be large differences of allowable nail 
loadsbetween the different sources of data. 
The regression equation (Equ.2.2) is plotted again in figure 
2.12 with the regression equations presented by Edwards [3] and 
Thurston [11] for comparison. The equations given by both researchers 
were for different nail diameters, so they have been scaled in Figure 
2.12 to the common diameter of 3.15 mm. Tnis scale factor was obtained 
as a simple ratio of the respective basic nail loads taken from NZS 
3603:1981 e.g. the 2.80 mm nail (basic nail load 171 N)used by Edwards 
required that his equations be scaled by 214/171 = 1.25 to obtain the 
equivalent load for the 3.15 mm nail (basic nail load 214 N). 
The end distances of 15 to 25 mm between the nail and the end of 
the timber appeared to be adequate. The two nails closer than 15 mm 
did cause pieces of timber to push out into the gap, but it cannot be 
determined whether this has any detrimental effect on joint strength. 
These distances were smaller than the 38 mm (12 fastener diameters) 
minimum allowed by NZS 3603:1981. The timber members did not split. 
This may not be true of joints which are constructed with green timber 
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fi gure 2.12 Comparison of regression equations . 





This Chapter describes the testing of joints representing the 
corner joints of a diagonally braced frame with Nailon Plate 
connections. TI1e testing procedure described in Chapter 2 for 
determining the perpendicular-to-grain load-displacement relationship 
gave results representing nail behaviour within the joint, but did not 
give an indication of how an actual joint might fail before the nails 
attained their ultimate load. The purpose of the series of tests 
described in this chapter was to determine how the joint behaved 
without the influence of the holding down plates, used in the tests 
described in Chapter 2, for the perpendicular timber member close to 
the joint. 
The effect of the pattern and placement of the nails within the 
nailgroup in the perpendicular member was also 
determine which patterns may significantly reduce 
ductility of a joint. 
2. SPECIMENS 
investigated to 
the strength or 
Four pairs of test joints were incorporated into the loading 
frames shown in Figure 3.1. Two identical joints were incorporated 
within each frame because of the eccentric loading a single joint would 
have imposed on the testing machine. 11,e same 
were used in all of the frames. The nails in 
tested, and the top member were replaced for each 
lower three members 
the nailgroup being 
new test. The 4 
types of joint tested are summarized in Table 3.1 and the details of 
the joint construction are shown in Figure 3.2. 
23 
le 
600 1 n 
TOP ME.MSE.R. 













@) 11mb..- B\ocl<. @) 















+ 0 + + 














+ + ,__,_,.=-'1++++++1======:::::::= 
+ +++ 
+ + 






Figure 3.2 Joint construction and failure patterns. 
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Joint Nail -,•, Top member Nailon 
Type Positions length length 
1 Eottom 600 200 
2 Bottom 900 200 
3 Top 600 235 
4 Distributed 600 235 
* Nail group position within depth of perpendicular 
member,see Figure 3.2 
Table 3.1 Summary of joint types. 
Tne timber used was from the same pack of ex 150 x 50 rough sawn 
dry Radiata Pine as the joints described in Chapter 2. For testing 
joint types 1 and 2, the same 200 mm lengths of 110 x 1 Nailon plate 
were used. These were then removed from the loading frame and 235 mm 
lengths nailed to the frame for testing joint types 3 & 4. Nailgroups 
in the joints being tested in the top perpendicular member incorporated 
10 nails and there were 25 nails in the nailgroups within the other 
half of the top Nailon plates and the lower plates of the frame. Tnis 
was done to ensure the test joints would fail before the other joints 
in the frame. 
The Chapter 2 results indicate that the expected capacity of 20 
nails is 40 kN. At this load, the bending stress in the outer fibres 
of the timber is 32 MPa. The NZS 3603:1981 Table 2 lower 5 percentile 
strength of No 1 Framing timber is 13.2 MPa. The timber used was free 
from major visible defects so it was expected that one of the pair of 
joints would fail before timber flexural failure. The effects of shear 
were neglected, as allowed by NZS 3603:1981, where the joint face was 
less than the depth of the beam from the inside face of the support. 
Table 3.2 gives the Chapter 2 capacity load, the Lumberlok wind/ 






















Table 3.2 Joint types and loads 







This joint pair was constructed with 200 mm lengths of Nailon 
plate, with the top member extending between the outside faces of the 
vertical members (fig. 3.2(a)). Five of the 10 nails in each of the 
nailgroups in the top member were positioned close to the bottom edge 
of the timber member. It was expected that the nailing pattern would 
cause the bottom edge of the timber to split away from the remainder of 
the member as shown in Figure 3.2(a). 
The failure of one joint at an applied load of 20 kN / joint 
( i.e. 40 kN on the joint pair) was sudden and without warning. The top 
member split along the grain through the position of the top nails in 
the joint (Plate 2.1). The load attained by this joint was only half 
of its Chapter 2 nail capacity load. 
4. JOII\1T 1YPE 2 
This joint pair (fig 3.2(b)) was constructed in a similar manner 
to that of joint type 1 except the top member was extended beyond the 
edge of the vertical member to determine whether the extra length would 
change the manner in which the joint failed. In particular, the extra 
length of timber was expected to increase the load the timber would be 
able to sustain by increasing the area of timber stressed in tension 
perpendicular-to-grain. The expected failure pattern was as shown in 
Figure 3.2(b), similar to that of joint 1. 
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Plate 2.1 Failur2 of Joint Type 1. 
Plate 2.2 Failure of Joint Type 2. 
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The joint failed slowly, the timber in the vicinity of the joint 
splitting along a nail line while displacing with no increase in load. 
The section finally separated completely (Plate 3.2), with the load 
falling rapidly to zero. TI1is joint only attained a load of 17 kN 
before failure, again lower than its Chapter 2 nail capacity load, and 
less than expected in comparison with joint type 1. 
5. JOINT 1YPE 3 
For this joint pair 235mm lengths of Nailon plate were used, 
providing one more row of holes in the top of the plate (fig. 3 . 2(c)). 
Half of the total number of nails in the group were in the top row of 
holes in the Nailon plate. It was expected that this pattern would 
cause the joint to fail in a manner similar way to that of joint type 
1. 
The joints achieved a load of 25 kN / joint before failure of 
the timber member. The top timber member failed suddenly with a 
passing through the position of the top nails in one plate (Plate 
and the lower section of the timber was torn from the remainder of 
member. 




The nails in nailgroups in this joint 




possible apart as 
predicted (fig. 3.2(d)). 
joint. 
No particular failure pattern was for this 
These joints attained a higi.~er load than other joints, ac.~ieving 
30 kN / joint before one failed. At failure, again suddenly, the 
timber split along the centre of the top member (Plate 3.4) and the 
lower section moved horizontally relative to the top section 
(exaggerated in fig. 3.2(d)). The calculated timber shear stress at 30 
kN is 6 MPa ( parabolic distribution assumed ), compared .to the shear 
stress allowed by NZS 3603:1981 of 1.9 MPa. 
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Plate 2.3 Failure of Joint Type 3. 
Plate 2.4 Failure of Joint Type 4. 
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7. WAD-DEFLECTION CURVES 
The Load-Deflection curves for all of the joints are given in 
Figure 3.3. The curve for the failed joint of each joint pair is 
indicated, this joint generally being the one with the greater 
deflection immediately before failure. 
The testing machine loading head in the centre of the top member will 
have applied a rotational restraint to that member. The applied moment 
may have altered the load applied to each joint by up to 18%. 
The load-deflection curves (fig. 3.3) may not be compared with 
those of the joints in Chapter 2. One reason for this is that the 
nailgroup of the test joint had 10 nails whereas the nailgroup in the 
other end of the Nailon plate had 25 nails, giving an average load-
deflection curve which lies between those for groups of 10 and 25 
nails. The second reason is that the second joint pair of each Nailon 
plate size (i.e. joint pairs 2 and 4) used the same Nailon plate and 
nailgroup of 25 as the first test. Thus the group of 25 was being 
loaded for a second time and would not be following the original 
QOnotonic loading curve. 
The initially negative displacement for joint pairs 3 and 4 is 
due to rotation of the ends of the top member as it was being loaded. 
This is the result of bending of the top member and is recorded because 
of the position of the displacement transducers away from the centroid 
position of the nailgroup. 
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Figure 3.3 Load-deflection curves. 
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8. DISCUSSION 
The joints tested in this series all failed as a result of the 
timber member failing. The loads at which the joints failed were all 
higher than computed using the manufacturers wind/seismic load for the 
nails but the nails did not attain their ultimate loads. Inspection of 
the members suggests that timber failure resulted from a combination of 
shear stress and perpendicular-to-grain tension stress in the joint 
area. Joint type 2 most likely failed as a result of perpendicular-to-
grain tension and the failure of joint type 4 indicated the possibility 
of excessive shear stress contributing to the failure. 
Joint 4 was the strongest type of joint tested. This suggests 
that the combination of distributing the nails across the width of the 
timber and avoiding a concentration of nails along the grain of the 
member gives the best nailing pattern. A large number of joints would 
have to be tested to prove this conclusively. 
There is a complex stress distribution within each joint type 
caused by the proximity of the load point and the positioning of the 
nails resisting that load. A finite-element analysis of the timber 
member is required to determine the stresses present in the region of 
the joint and fracture mechanics would then indicate the likely 
position of failure initiation, but these aspects are beyond the scope 
of this project. 
The nailing pattern and position of the nails in the joint 
appears to influence the overall strength of the joint. The strength 
of the joint is more dependant on the strength of the timber member 




BRACED TIMBER FRAMES 
1. IN'IRODUCTION 
Ten frames (fig. 4.1) were constructed from ex 100 x 50 mm Pinus 
Radiata members. These frames were intended to simulate diagonally 
braced walls in light timber frame construction. Table 4.1 gives a 
summary of the type of connections used, the average timber moisture 
content of the timber members, the design loads and the failure load 
for each of the frames. The letter after the design load indicates the 
governing conditions from which the design loads were obtained (N = 
1'~ail failure, T = Toothplate failure, S = timber shear failure). The 
blank values in the table indicates moistures content were not 
recorded, loads not able to be computed or frames which failed because 
of excessive displacement. 
Design Design 
Frame Connection Moisture \,Jind/Seis Ultimate Failure 
No type content Load Load Load 
% (kN) (kN) (kN) 
----------------------------------------------------------------
1 Nailstrap 1.1 N 3.2 5.0,5.4 
2 Nailstrap 1.1N 3.2 
3 Toothplate 21 8.6 14. T 17 
4 Toothplate 27 8.6 14. T 18 
5 Toothplate 27 7.8 13. T 
6 Toothplate 34 9.6 16. T 16 
7 Toothplate 25 
8 Toothplate 32 6.7 11. T 16 
9 Toothpl + Nailon 7.7 S 20 
10 Toothplate 6.1 10. T 










Braced timber frames 
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The Table 4.1 wind/seismic load is the permissible load on the 
weakest timber member or steel connector calculated in accordance with 
NZS 3603:1981. This is the basic (i.e. long duration) timber or 
fastener load multiplied by a load-duration factor of 1.5. The 
ultimate load is the 5 percentile strength of timber members based on 
NZS 3603:1981 values or the load at which yield occurs within the steel 
connectors. For the toothplates yield is defined as basic load divided 
by a factor of 0.6. 
The ultimate load for the shearplate connectors was calculated 
using using a combined stress failure criterion (Equation 4 .1) . The 
distribution of the applied load within the connectors is based on the 
number of teeth in the timber member. The method of computing this, 
with an example calculation are included in Appendix C. 
Table 4.2 presents the the measured frame sway, the sway arising 
from rigid body rotation due to hold-down movements, the predicted pin-
jointed frame sway and the load at which these sways were measured or 
computed. The pin-jointed frame sway was computed for a pin- jointed 
f rame with only the axial strain of the members contributing to the 
sway. Elastic behaviour of the frame was assumed for this calculation. 
Frame Measured Rigid Body Pin-jointed I.Dad 
No Sway (mm) Sway (mm) Sway (mm) (kN ) 
+ve -ve +ve -ve 
---------------------------------------------------------
1 15 16 7 4 
2 50 30 32 24 8 4 
3 13 10 8 9 3 15 
4 15 10 7 8 3 15 
5 44 39 46 46 7 15 
6 9 14 2 12 
7 30 50 2 13 
8 11 10 15 14 3 15 
9 16 27 6 7 11 15 
10 48 54 10 12 8 
Table 4.2 Measured and computed sways 
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All of the frames were connected to ex 150 x 50 bearers with 1 mm 
Nailon plate (fig. 4.2), and the bearers were clamped to a steel 
reaction frame. This was intended to simulate a timber flooring 
assembly at the base of the frame. 
I 113 
[ .. __ 10 (Edges of _1_t1mber 10 
No nailing within 10mm 
of timber edges 
NA/LON PLATE 
Figure 4.2 Simulated flooring assembly in the reaction frame. 
Figure 4.3 shows the joint locations referred to in this chapter 
and the deflection gauge locations upon the frames. 
To test the frames, each frame was loaded in the positive 
direction, unloaded, loaded in the negative direction to a load of an 
equal magnitude and unloaded again. TI1is pattern of loading completed 
one loading cycle. The frame was then cycled to the same or higher 
loads, with the same magnitude of load in each direction if possible, 
until failure occurred. 
( Applied Tension )~ + f Applied Shear )-z. ~ 1. o 
Allowable Tension \ Allowable Shear 
( 4 .1) 
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DEFLECTION GAUGE LOCATIONS 
Figure 4.3 Joint and Deflection Gauge Locations. 
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2. FRAME Fl 
Frame Fl (fig. 4.4 and Plate 4.1) was a lightly strapped frame 
of the type used in domestic construction. Figure 4.4 also shows the 
positive and negative loading positions. Lumberlok Stripbrace (27 x 
0.6r.im cold rolled steel) was used. Each strap was wrapped around the 
bottom and top framing plates, with three nails at each end (fig. 4.4). 
One of these nails was driven into the edge of the framing plate, with 
the other two positioned in the ex 100 face of the framing plate. 1he 
ex 150 x 50 bearers were attached to the frame with Nailon plate after 
the straps were nailed to it. 
Slackness increased during the first three cycles, followed by a 
perpendicular-to-grain failure of the bearer joist under one of the 
Nailon hold-down plates. Additional plates were attached beside the 
hold-down Nailons, to prevent further splitting of the bearers. Figure 
4.5 is the load-deflection plot for the top of the frame. 
Testing was resumed, as Test 2, without retightening of the 
bracing straps, so the slackness at the end of Test 1 was retained. 
One nailstrap broke at the position of one of the nails driven into a 
framing plate edge, at 5 ld~ applied load. Reverse cycling had caused 
repeated bending across a transverse crease in the nailstrap at this 
position and this had evidently caused the failure (Plate 4.2). The 
strap was replaced with a new one which was tightened as it was nailed. 
Loads of up to 7 kN were applied during subsequent reverse cycling and 
the new strap eventually failed at 5.4 kN, again at the first nail 
position. Figure 4.6 is the load-deflection plot for this second test. 
The Table 4.1 design wind/seismic load for this frame is 1.1 kN. 
The predicted pin-jointed sway at this load is 2 mm. The design 
ultimate load is 3.2 kN. Both the wind/seismic and ultimate load are 
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Figure 4.4 Construction of Fra~e Fl. 
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42 
Frame Fl attained a load of 7 times the wind/seismic load in 
both directions before failure. Failure of the frame was caused by 
failure of the nailstrap. The nailstrap at the position of the nail 
had a higher stress than the rest of the nailstrap because of the 
smaller cross-sectional area. At an applied load of 7 kN the tensile 
stress in the strap at the nail position was 688 MPa. This stress is 
higher than the failure stress of 556 MPa from tests by Stewart [10]. 
When undergoing compression, the nailstrap buckled at the position of 
the nail because of the dimple that formed when the nail was driven 
through the nailstrap. 
TI1e nail in the edge of the framing member d~flected further 
than the other two nails because the nailstrap dug into the edge of the 
timber member (fig. 4.7(a)). This resulted in a larger portion of the 
total load in the nailstrap being carried by the nail in the edge of 
the framing member. 
There were no observed displacements at the lower left or lower 
right hold-down positions. 
TI1e 15 mm sway at 4 k.J.\J applied load from Table 4. 2 was twice the 
predicted axial strain deflection of 7 mm. Contributions to the 8 mm 
extra deflection (connection strain deflection) come from 
closing of construction gaps in the frame between studs and 
plates. 
- bearing deformations as the top plate rotated because the 
nailstrap was only on one face of the member (fig. 4.7(b)) 
- yielding of the nailstrap because the stress was greater than 
the elastic limit for the steel. 
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Plate 4.2 Nailstrap after failure . 
Figure 4 . 7 a) 
b) 
Nailstrap digging into edge of timber. 
Rotation of top plate. 
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3 • FRAt'vfE F2 
Frame F2 (fig. 4.8) was also lightly strapped in a similar 
manner to Frame Fl, but the narrow widt;i required two diagonal strip 
braces such that the braces were approximately 45 degrees to 
horizontal. In the first loading cycle, 4 kN was attained and then 
during the second cycle the Nailon hold-down plates buckled out of 
plane in the mode A shape (fig. Li. 9). \·Jith subsequent reverse cycling 
the plates did not straighten completely even when subject to tensile 
force. The effect of this permanent buckling of the Nailons was to 
tighten up the hold- dovm connection such that the tangent stiffness of 
the hysteretic loop during cycles 3, 4 and 5 (fig. 4.10) was higi1ier 
them that during the first cycle. The strap bracing itself did not 
deteriorate during the cycling. 
The observed displacements (mm) at the lower left (EL) and lower 
right (BR) hold-down positions at .t 4 kN applied load were; 
BL 
+4 kN -10 








where the indicated "sway"= !ELI+ \BRj is the sway arising 
from rigid body rotation due to the hold-down movements. 
Tne Table Lr.1 design loads for this frame are the same as Frame 
Fl; a wind/seismic load of 1.1 kN, and an ultimate load of 3.2 kN. The 
Table 4.2 predicted pin-jointed sway is 2.1 mm at the wind/seismic 
load. 
The sway for this frame was 6 and 4 times the predicted pin-
jointed sway of 8 mm at the peak positive and negative loads in the 
first loading cycle. The BL Nailon plate hold-dovm buckled at the 
beginning of cycle 2 when loaded in compression. The BR Nailon also 
buckled during the negative half of cycle 2. For subsequent cycles the 
Nailon plates didn't straighten. This caused the frame to stiffen and 








200x Imm j 
Nailon, 
al: nail~ -
Figure 4. 8 Construction details of Fra~e F2 . 
J'\OPE. A MODE. B 
Figure 4.9 Buckling Modes of Nailon plate in compression. 
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4. FRAME F3 
The frame (fig. 4.11 and Plate 4.3) attained 15 kN in the first 
cycle, but on loading to 16 kN during the second cycle 1 mm shear 
deformation was observed in the BL and TR plates, and then 
perpendicular-to-gain failure of the bearer near the BR Nailon hold-
down plate occurred. The recorded hold-do\•m displacements and the 
associated rigid body sway displacements at the first cycle of ±15 kN 
were; 
BL 
+15 kN - 5 








These displacements are a comparatively large proportion of the 
total sway displacements of +13 and -10 mm (from the load-displacement 
curve, fig. 4.12). The original Nailon plates were removed and 
replaced with larger 200 x 1 mm plates, and the test resumed. 
Approaching -16 l<l~ during the 4th cycle, the BL toothplate sheared (up 
to 4 mm shear displacement, Plate 4.4) and displacements increased to 
over 20 mm with load being maintained at approximately 17 kN. It 
appears that the colilbined shear and tension forces on the toothplate 
contributed to the failure. 
The Table 4-.1 ultimate load for this frame is as 14 l~, limited 
by tension/shear failure of the EL toothplate. The corresponding 
wind/seismic load is 8.6 kN, with a pin-jointed sway of 2 mm. 
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Fi gure 4.11 Frame F3 construction. 
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5. FRAME F4 
Frame F4 (fig. 4.13 and Plate 4.5) was similar to Frame F3 but 
with the toothplates oriented in different directions. Out of plane 
buckling of the diagonal during the positive load part of the second 
cycle caused local out-of-plane rotation of the joints at both ends 
(fig. 4.14), resulting in distress of the toothplates on both sides of 
the EL joint. Simultaneously, compression across the adjacent Nailon 
hold-down connection caused local lateral buckling of the joint, as 
indicated by the asymmetrical mode shape (fig. 4.9(b) and Plate 4.6). 
The test was resumed after a stiffener was nailed along the 
diagonal to prevent buckling. During the reverse loading part of the 
second cycle, shear displacements increased rapidly in the TR 
toothplate and this lead to failure at -18 lu1 at a displacement 
exceeding 30 mm. The toothplate had sheared 4 mm at failure (Plate 
4.7). Figure 4.15 is the load-displacement curve for this frame. The 
rigid body rotations at 15 kN load as di2terr;iined from the hold-down 
displacements were: 
BL 
+15 kN -3 








The Table 4.1 ultimate design load for this frame is 14.3 kN limited by 
a tension/shear failure of the EL toothplate, similar to Frame 3. TI1e 
wind/seismic design load is 8.6 kN. Ti.1e pin-jointed sway at this load 
is 3 mm. 
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Figure 4.13 Frame F4 construction. 
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Plate 4.5 Frame F4 after testing. 
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Plate 4.6 Duckling of BL Nailon plate - Mode ' B' . 
Plate 4.7 Toothplate failure at 1R joint. 
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6. FRl\t-!E F5 
This frame (fig. 4.16 and Plate 4.8) was similar to Frame 3, but 
only half the width. At first loading to 12 kN the diagonal buckled 
out of plane, and the frame was unloaded and the diagonal stiffened 
before reloading. Figure 4.17 is the load-displacement curve for this 
test. Large compressive and tensile displacements were measured at the 
hold-down positions; 
BL 
+15 kN - 11 








The compressive buckling of the Nailon hold-down plates (Plate 
4.9) conformed with Mode A (fig. 4.9). Further rigid body rotation 
sway over and above that tabulated above arose because of crushing of 
the bearer under the hold-down washer plate and also due to shear 
deformation within the bearer between the hold- down washer and the 
tfailon plate. 
Minimal shear or tensile displacements developed within the 
toothplates themselves, and the frame appeared to be capable of 
sustaining cyclic loading without toothplate damage. The frame failed 
after jacking to -80 mm displacement and 13 kN applied load when 
longitudinal cracks formed within the bearer at the BL position which 
then failed in shear . 
The Table 4.1 ultimate design load of this frame is 12.9 kN. 
This corresponds to a shear/tension failure of the BL toothplate. The 
wind/seismic design load is 7.7 kN. The predicted pin-jointed sway at 
15 kN is 7 mm. 
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FRAME FS 
Figure 4.16 Frame F5 construction. 
Plate 4.8 Frame F5 after testing. 
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7. FRAME F6 
This frame (fig. 4.18 and Plate 4.11) was designed to maximize 
lateral displacement ductility capacity arising from shear 
displacements in the toothplate joints. On first loading, the top 
central joint was found to be inadequate to transfer the shear from the 
top horizontal to the central vertical member. A Nailon plate over the 
toothplate then allowed further loadin8 up to a load of 16 kN in the 
third cycle (fig. 4.19), ,vhen shearing occurred in the BL and BR 
toothplates. These joints were then reinforced with Nailon plates 
nailed over the toothplates. 
Testing was resumed as Test 2 (fig. 4.20). Reverse cycling to 
about 15 kN caused degradation of the top of the central vertical 
member bot.11. in flexure and shear (Plate 4.10). Tne top Nailon plate 
simultaneously bent out of plane. At -30 mm sway splitting at the top 
of the vertical member increased. The frame was loaded until a sway of 
-45 mm wa s attained. Although load was maintained with increasing 
displacement, further reverse loading could not be sustained. 
The Table 4.1 ultimate load for this frame was 16 kN, with a 
shear/tension failure of the diagonal member toothplates. The TC 
toothplate had an ultimate design load of 8 kN, the EL and BR 
toothplates had an ultimate design load of 14 vJ.J. 
load for this frame is 9.6 kl'\ based on failure of the 
toothplates. Tne predicted pin-jointed sway at 12 kl'\ 
t<ost of the frame deformation occurred within the 
toothplates. 
Plate 4.10 TC joint after testing. 
The wind/seismic 
diagonal mer.1ber 
load is 2 mm. 
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Figure 4.18 Frame F6 construction. 
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8. FRAME F7 
This frame (fig. 4.21 and Plate 4.12) was designed to achieve 
large displacement ductilities in a frame incorporating conventional 
toothplate joints. It was not intended to be representative of frames 
in general use. Figure 4.21 shows areas of the teeth within the corner 
plates which were hammered flat on the plate before the frame was 
assembled, so that the diagonals were simply trapped within the plates 
rather than positively engaged by the plates. The plate connection 
over the intersection between the diagonals was a conventional joint. 
The ends of the diagonals themselves ware cut square, so that the two 
corners of each diagonal end just made contact with the vertical and 
horizontal frame members. Subsequent loading caused the corners to 
penetrate these members as perpendicular to grain deformation occurred. 
The diagonals were restrained from out of plane buckling by a central 
external restraint. The design of the frame resulted in horizontal 
load being entirely resisted by compression action in the timber 
bracing. As crushing occurred at the encs of the diagonals (fig. 
4.22), the overall slackness of the assembly increased (fig. 4.23). 
Figure 4.22 Deformation of timber members at corners. 
At displacements above 50 mm (fig. 4.23) the rotation between 
the horizontal and vertical members at . the corner joints caused local 
buckling at the outstanding corners of the plates but without 
apparently weakening them. The assembly sustained five reverse cycles 
and appeared capable of further cycling. At displacements greater than 
80 mm there was some risk of the diagonals dropping out of the slot 
between the plates. 
I. . I 1so 
62 
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Figure 4.21 Frame F7 construction. 
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Table 4.1 design loads were not computed for this frame because 
of the uncertainty of determining the distribution of load in the 
toothplate connectors. The test load attained suggests that there was 
a considerable portion of the shear transferred by bearing between the 
diagonal and top members (fig. 4.22), loading the toothplates mostly in 
tension. 
9. FRAME F8 
Frame F8 (fig. 4.24 and Plate 4.13) was also designed to develop 
large overall displacements from the shear displacement of individual 
toothplates. In this case the diagonal was a composite member made up 
of members allowed to slide over each other and connected by 
toothplates acting in shear. 
At the first cycle loading to 15 k1\l there was some distress in 
the corner plates, which developed a tooth slip of about 1 mm. These 
h7ere reinforced with Nailon plate a the completion of the first cycle. 
On loading to 20 kN in the second cycle, one pair of plates developed 
2mr.-1 slip, with the other pair remaining rigid. On reverse loading to 
-19 kt\!, large reverse deformations occurred within the same pair of 
toothplates. It appeared that the one pair of plates was accommodating 
all the diagonal deformation with the other pair remaining rigid 
throughout the test. Clearly the additional shear developed as these 
plates deformed plasticly was insufficient to mobilise large 
displacements within the other pair. At a total assembly 
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Figure Li.24 Frame F8 construction. 
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Figure 4.25 is the load-displacement plot for this frame. The 
measured hold down displacements and associated rigid body rotations 
tJere; 
BL 
+15 kN -8 








The Table 4.1 ultimate design load for this frame is 11 kN, 
limited by shearing of the diagonal member toothplates. The predicted 
pin-jointed sway at 15 kN is 3 mm. 
10. FRAME F9 
Frame F9 (fig. 4.26) was designed to achieve a ductile Nailon 
plated frame having a comparatively large displacement capacity. 
Accordingly the diagonal members were inclined at a steep angle so that 
moderate axial deformations of the members and their end connections, 
led to large sway displacements. 
First loading to 11 kN caused longitudinal cracking along the 
grain of the upper horizontal member between the two central Nailon 
plates. The central region was then reinforced by an additional Nailon 
plate and the test resumed into the negative part of the first cycle. 
Reverse loading of -11 kN caused compressive buckling of the BR 
diagonal member Nailon, and subsequent cycling of 15 and 20 kN caused 
shear degradation of the centre of the upper horizontal member (Plate 
4.15) . Cycling caused progressive buckling of the diagonal BL and BR 
Nailons and consequently a "tightening up" of these joints in both the 
compression and tension mode. Figure 4.27 is the load-displacement 
plot for this frame. Measured displacements at these joints were; 
BL 
+15 kN -4 
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Figure 4.26 Frame F9 construction. 
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Cycling was stopped at 4 cycles i,.,-hen longitudinal cracking of 
the central part of the upper bearer had become worse. 
The Table 4.1 wind/seismic design load is 7.7 kN. This is 
limited by shear in the central region of the top member. TI1e Table 
4.2 pin-jointed sway for this frame at 15 kN is 11 mm. 
11. FRAME F10 
Frame F10 (fig. 4.28 and Plate 4 .16) was designed to simulate a 
toothplated portal frame knee joint assembly, and in particular to 
determine the rotational capacity of the moment resisting joints. The 
arrangement is one commonly used for small span plated frames. First 
cycle loading to 6 kN was followed by second cycle loading to 8 kN, and 
subsequent cycles were within the displacement limits of the second 
cycle. The increase in measured load within the third cycle probably 
arose from tightening up of the joints arising from buckling of the 
toothplates (Plate 4.17). As in some of the previous tests, buckling 
of the toothplates was not removed during the tensile part of the 
loading cycle. Progressively less load was attained during the 4th,5th 
and 6th loading cycles as the displacement increased out to 80 mm. 
Buckling of the toothplates increased throughout the cycling. r1.gure 
4.29 is the load-displacement plot for this frame. Displacements at 
the bolt supports were; 
BL ER Sway 
+8 ld-; -2 +8 10 
-8 kN +9 -3 12 
(mm) 
The joint rotations can be estimated from the horizontal 
displacements less the calculated flexural displacement of the members 
themselves. 
TI1e Table 4.1 ultimate load for this frame is 10 kN. This 
assumes that the compression load is carried by the toothplates only, 
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Figure 4.28 Frame f<lO construction. 
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Plate 4.17 :Buckling of toothplate -v:ith compressive load. 
12. DISCUSSION 
The failure load i,.;·as greater than the design ultimate for all of 
the f raDes tested. 
The frames were not 
bracec (2 m X 2 m ) frames 
stiffness and the narrower 
expected stiffness. 
as stiff as expected. 
ranged between 1/2 and 
(2 m X 1 r.i) fra..ies were 
TI1e square diagonally 
1/4 of the calculated 
about 1/6 of the 
Lozenging of the frames accounted for less than 1/2 of the total 
sway for all of the frames. 
Except for Frame F9, all of the frames failed in the metal 
connections and most of these were sudden failures. 
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CHAPTER V 
NA.IlDN PI.Ji.TE FRAJ1ES 
1 • INTRODUCTION 
These were diagonally braced timber frames suitable for 
resisting lateral forces in timber structures. These Frames (fig. 5.1) 
were designed using an ultimate strength approach. 1:7.e joints were 
proportioned to have approximately 7 5 % of the ultimate (lower 5 %ile) 
strength of the timber members, based on the Lumberlok ultimate load of 
1. 5 kN/ nail and timber stresses derived from the NZS 3603: 1981 values. 
Shear stress in the horizontal members in the region of the diagonal 
(i.e. the connection between tlle horizontal and diagonal members, fig. 
5.1) and frame (i.e. the connection between the horizontal and vertical 
members) joints was greater than the allowable but v-:as neglected as 
allowed by NZS 3603:1981 because of the small distonce between the two 
Nailon plates (fig. 5.1). 
To simulate the positioning of a frame between two gravity load 
bearing members, such as portal frame columns, each frame was 
restrained in the vertical direction by two ex 150 X 50 members on edge 
(restraining columns) connected to the frame by folded angle 
shearplates (8etail A,fig. 5.2). The shearplates had a large number of 
nails to ensure failure would occurr in the joints of t he frame. Each 
restraining column was restrained by a pinned suppor t under its base 
(Detail C,fig. 5.2) and full height tension rods over t he top CC-e tail 
B,fig.5.2). 
Table 5.1 gives a summary of the design and test loads of the 
four frames. In the table '± ' indicates that the frame was loaded 
first to the specified load in the positive direction (fig.5.1) and 
then a load of equal magnitude in the negative direction. 1he frame 
was loaded in the indicated direction and released where a '+' or ' - ' 
only is specified for the load. 
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Frame w/s ultimate Test load at cycle No. (rounded values) 
No load load 1 2 3 4 5 6 7 8 9 10 11 12 
------------------------------------------------------------------------
1 13 39 ±13 ±13 ±19 ±19 ±26 ±26 +35 ±39 ±39 +45 
2 13 39 ±13 ±13 ±27 ±28 ±38 +38 -42 -39 
'.l 13 39 ±13 ±13 ±26 .±26 +39 -34 +39 -31 +40 .., 
4 10 30 ±10 ±10 ±20 .±20 +30 -26 +40 -34 +40 +43 +53 -32 
Table 5.1 Frame design and test loads. 
2. FRAME 1 
This frame (fig. 5.3 and Plate 5.1) had a wind/seismic design 
load of 13 kN and an ultimate design load of 39 kl/ from Lumberlok data. 
There were 13 nails in each nailgroup in the frame joints and 18 nails 
in each nailgroup in the diagonal joints. All of the joints were 
constructed with 1 x 110 mm Nailon plate. 
The frame was loaded to tl-le wind/seismic load of 13 kN in the 
+ve direction (fig . 5.3), such that the diagonal member was in tension. 
The load was removed, the frame loaded to 13 l-u."\l from the other 
direc tion and the load released again to complete the first cycle of 
the loading sequence . wring the first -ve loading cycle, it was 
observed that the dia~onal member buckled 20 mm out of the plane of the 
frame , and a 150 x 25 stiffener was nailed to the diagonal member to 
pr event this occurring again . The stiffener was only lightly nailed so 
it did not contribute to the area of the diagonal in compression. 
Buckling occurred in the diagonal plates (Plate 5.2) during the -ve 
loading cycle. 
This 13 kN loading cycle was repeated followed by two cycles 
each with target loads of 19.5 and 26 kN. The frame behaved in a 
similar manner for all of the loading cycles, with deformations and 
buckling of the Nailon plate becoming more significant at the higher 
loads. The next load cycle to 35 k.N caused the frame to buckle 
significantly out of plane (fig. 5.4) and the testing was stopped to 
rectify this. Figure 5.5 is the load-displacement plot for this first 
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Figure 5.3 Construction details of Frame 1. 
Plate 5.1 Frame 1 after testing. 
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Testing was resumed with extra restraining timber members 
positioned to prevent out-of-plane movement of the top of the frame. 
The top member failed at a knot position (Plate 5.2) ~hen loaded to 45 
kN. Prior to failure the top member had a high curvature out of the 
. plane of the frame at the knot position. Fir.ure 5 .6 is the load-
displacement plot for this second test. 
Two deformation modes of the Nailon plate were observed in this 
test. 1l1e first resulted from rotation of the timber members as the 
frame displaced horizontally. The Nailon plate buckled out-of-plane on 
the compression side of the joint while remaining flat on the tension 
side (fig . 5.7). The buckling was more prominent in joints which had a 
compressive load applied across the joint i.e. the 11, frame joint when 
loaded in the +ve direction. 
The second deformation mode occurred when the plate was loadec 
in compression and shear simultaneously. Two va riants of this 
deformation mode were observed (fig . 5.8 and Plate 5.3 ) , depending on 
the pattern of nailing close to the edges of the two timber members. 
The buckling which occurred in the Nailon plates was insufficent 
to create a permanent deformation of the plates and all plates 
strai ghtened completely when the load was reversed. 
1l1e diagonal member joints translated out of the plane of the 
frame when loaded in compression, but r e turned to their previous 
position when reloaded in tension. Tnis is the Mode B compressive 
buckling described in Chapter 4 (fig. 4. 9 ) . 
1-;either the plate buckling nor the translation of the timber 
members was observed in the joints tested in the laboratory (Chapter 
2). These two mechanisms are not likely to cause a significant 
departure from the joint load-displacement relationships obtained from 
the laboratory tests. 
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Figure 5.6. Cut-of-plar.e buckling of TL ar.d ER corners. 
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Figure 5.5 Load-displacement plot for top of frame. 
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Figure 5.6 Load-displacement plot for Frame 1 Test 2 
Plate 5.2 Failure of timber at TR corner. 
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r 
Figure 5.7 Buckling from applied moment. 
_J 
Fi gure Buckling from compression and shear . 
Plate 5.3 Buckling of diagonal Nailon plate. 
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3. FRAME 2 
Tne dimensions of this frame (fig. 5.9 and Plate 5.4) were the 
same as those of Frame 1, but 2 mm Nailon plate was used for the 
diagonal joints and 1 mm Nailon plate for the frame joints. The design 
loads for this frame were the same as for Frame 1. To construct this 
frame, the diagonal and top members of Frame 1 were removed, the frame 
turned over (i.e. TL became TR etc.) and the diagonal and top were 
replaced with new timber members. 
The method of testing was the same as that for Frame 1, 1,1ith two 
loading cycles each with target loads of +13 and +26 kN followed by one 
cycle of +39 kN. The frame was then loaded to +39 kN and -42 kN at 
which it failed. Figure 5 .10 is the load-deflection plot obtained from 
this frame. 
Failure was sudden as the top member split longitudinally in the 
region of the TL joints (fig. 5.11(a) and Plate 5.5), the timber on 
either side of the split displacing longitudinally to give a step in 
the end of the member, suggesting that high shear stresses may have 
been present. This failure is similar to the failure observed in one 
of the joint pairs described in Chapter 3. The calculated shear stress 
in the timber at this load was 8.4 MPa (i.e. 4.3 x NZS 3603 allowable 
vJind/ seismic). 
More nails were placed in the nailgroups in the two TL joints 
and the frame reloaded in the negative direction. No increase in load 
capacity of the frame was obtained. The top member failed again but in 




Figure 5.9 Construction details of EraQe 2. 




Figure 5.10 Load-Geflection plot for Frame 2. 
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Figure 5.11 a) First failure of Frame 2. 
b) Second failure . 
Plate 5.5 First failure at TL corner. 
Plate 5.6 Second failure at TL corner 
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TI1e frame caracteristics were similar to those of Frame 1, 
having approximately the same stiffness and having a similar hysteretic 
curve. This is because the joints do not contribute significantly to 
the total deflection of the frame. The only difference between the 
behaviour of this frame and that of Frame 1 occurred because of the 
diagonal Nailon plate connection. The thicker plate did not buckle in 
compression or allow significant out-of-plane translation of the 
diagonal member when loaded in compression . 
4. FRAME 3 
Frame 3 (fig. 5.12 and Plate 5.7) had a wind/seismic design load 
of 13 kN and an ultimate load of 39 kN. It was designed with a single 
pair of Nailon plates covering the diagonal, vertical and horizontal 
members. The block of timber parallel to the horizontal members is 
required to prevent the Nailon plate buckling . This method of 
construction eliminates the high shear stresses in the horizontal 
members of Frames 1 and 2. 
No deformations were observed in the joints at a load of +13 kN. 
The load of -13 kN caused shear/compression mode buckling of the Nailon 
plate between the diagonal and vertical members similar to that 
observed in Frame 1 (Plate 5.8). The buckle did not straighten 
completely upon loading to +13 k.N. 
A large curvature was observed in the horizontal members (Plate 
5.9) at +26 kN due to the joint geometry. Plate 5.8 shows the buckling 
of the diagonal to vertical conection at a load of -26 k.N. The shear/ 
compression mode buckle between the diagonal and vertical members was 
more prominent than at -13 kN. There was also a rotational mode buckle 
on the other side of the vertical member. 
The frame failed by splitting the 
Plate 5.91:) at a load of -34 k.N. Figure 


















Fifure 5.12 Construction de tails of Frame 3. 






Plat e 5. 8 Buckling at TI.. dia t7onal Nailon plate. 
Plate 5.9 Curvature of frame at BR corner. 
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Plat e 5 .9b Failure after t est i ng. 
Figure 5.13 Failure by splitting in t op member. 
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Figure 5.14 I.Dad-deflection plot for Frame 3 Test 1. 
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The small Nailon plate between the vertical and horizontal 
members was then replaced with a larger plate which covered the split 
(Plate 5.10) and the frame reloaded to +39 kN, -31 kN and then +40 kN. 
TI1e frame failed in the same position again so testing was stopped. 
The load-deflection plot for this test is Figure 5.15. 
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Figure 5.15 Load-deflection plot for Frame 3 Test 2. 
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5. FRAME 4 
This frame (fig. 5.16 and Plate 5.11) was also constructed with 
a single pair of plates over the intersection of the three members at 
the corner. The top member, the diagonal member and part of the left 
vertical member of Frame 3 were replaced to construct this frame. TI1e 
number of nails in the joint nailgroups was decreased to reduce the 
possibility of failure of the timber members. The diagonal member was 
repositioned, from the position for Frame 3, to reduce the bending 
moment Frame 3 had in its horizontal members. 
Cycles of +10 kN load produced deformations similar to Frame 3 
at a load of 13 kN. The horizontal member displaced 4 mm horizontally 
relative to the diagonal member at a load of -20 kN, recovering the 
displacement upon reloading in the positive direction during two cycles 
of +20 kN. A cycle of +30 kN was attempted but the t~a ilon plate began 
to buckle between the nail positions at the join between the horizontal 
and vertical members (Plate 5.12) as the load increased beyond -20 v~l. 
The Nailon plate was straightened, by applying a load of +40 kN 
to t~-1e frame, and extra nails were placed along the edges of the plate 
to reduce the buckling. TI1e frame was then reloaded to +43 k.N but the 
whole frame buckled out of plane so the load was released. TI1e frame 
\vas reloaded, with extra restraining members in place, to +54 k.N but 
the BL corner began to fail (Plate 5.13) so the load was released and 
the frame loaded to -32 kN before the load reduced as the Nailon plate 
again buckled (Plate 5.14). Figure 5.17 is the load-displacement curve 









Figure 5 .16 Construction de t ails of Frame 4. 





Plate 5.12 Buckling of TL Nailon plate. 
Plate 5.13 Buckling of TL Nailon plate after renailing. 
Plate 5.14 Failure of BL corner under positive loading. 
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\ 
Figure 5.17 Load-displacement curve for Frame 4. 
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6. DISCUSSION 
There was no difference in the load deflection behaviour of 
Frames 1 and 2, so there appeared to be no advantage in using the 2 mm 
Nailon plate for the diagonal joints. 
Frames 1, 2 and 3 failed because the timber members were 
overstressed. These failures were sudden and significantly reduced the 
load carrying capacity of the frames. Frame 4 failed because of 
buckling of the Nailon plate when loaded in one direction and the frame 
buckled out of plane when loaded in the oposite direction. 
All of the frames tested achieved loads of at least 3 times 
wind/seismic, based on Lumberlok data, before failing. 
Buckling of the Nailon plate contributed to the ductility of the 
frame. This is unlike the nailstrap described in Chapter 4 where 
buckling lead to failure of the steel. 
Compressive buckling of the Nailon plate generally occurred when 
the load on a pair of plates was greater than 10 ~d-~. This buckling is 
difficult to prevent with the 1 mm Nailon plate. The buckling does not 




1 • INTRODUCTION 
The connection between the timber frame and Ll-i.e supports is 
termed "hold-down" connection in this report. This connection resists 
vertical loads at the tension end of the frame (fig. 6.1). The shear 
load is transferred to the supports by another connection, usually in 
the centre of the frame. 
This chapter presents the results of tests of two types of hold-
clown (fig. 6.1) and an angle shearplate. Three specimens with 
Lumberlok concrete fixing cleats, type CFl [6], and two specimens with 
Lumberlok prototype sheanJall holddo"1ns were constructec and tested in 
the laboratory. In addition an angle shearplate used on the frames 
describec in Chapter 5 was tested. 
2. Cot,!CRETE FIXING CLE.ATS 
'foree tests were carried out on Lumberlok type CF1 (fig. 6. 2) 
concrete f ixing cleats to determine their characteristics when used as 
hold-down connectors for a frame. Stewart [10] has tested a similar 
cleat made of 2 mm Nailon plate and fixed with a large number of nails, 
but only reported the failure load. TI1e cleats were tested with 
different supports (fig. 6.3) and washers between the head of the bolt 




Figure 6.1 Lumberlok CFl and prototype shearwall hold-downs. 
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Figure 6.2 Lumberlok concrete fixing cleat CF1. 
t t t 
CLEATltvO 
Figure 6.3 Support materials and washers for tests. 
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Table 6.1 gives the details of the three cleats. The 
wind/seismic (w/s) and ultimate loads are based on the loads for the 12 
nails in the timber member. TI1e washer for Cleat 1 is the standard 
Lumberlok product, the other two washers were fabricated in the 
laboratory. The support type is the material beneath the cleat to 
which the cleat was clamped with the bolt. A concrete support behaves 
in a manner intermediate between that of timber and steel. The force 
at 4 mm slip enables a comparison of forces at a small but reasonable 
displacement. Tne displacement at the maximum load shows how much slip 



























-k Lumberlok washer 
CF1 Test Details 
4mm slip Max Load 
Force slip 
9 kN 
20 kN 10 mm 
13 kN 17 mm 
Plate 6.1 shows the test setup used for Cleat 3, the other two 
tests were similar to this. Figure 6.3 shows the force-displacement 
curves for the three tests. Tne displacement is that of the timber 
member relative to the support. TI1e displacement of the Nailon plate 
relative to the timber is plotted on the same graph for comparison \;ith 
the total displacement ( the l(ailon plate displacement was not recorded 
for Cleat 3). 
The total stiffness of Cleat 2 was similar to that of the Nailon 
plate stiffness, especially after the maximum load was attained during 
loading. Cleat 1 with the Lumberlok washer had the lowest total 
stiffness, but this remained reasonably constant above 10 kN load. 
Cleat 3 with the timber support had a total stiffness which lay between 
the other two cleats. Plate 6.2 shows the three cleats after testing 
with their respective supports and washers. 
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Plats f .1 Testing of Cleat .::, . 
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Figure 6.3 Load-displacement plots for the 3 cleats. 
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3 . PR01D1YPE SHEARWALL HOLDIDJN 
Two prototype hold-downs (fig. 6.4 and Plate 6.3) were tested. 
Table 6.2 summarizes the design and test details for the two prototype 
hold-downs. The nail load is the design load on the hold-dm .. in the 
nails allow and the tierod load is the load that the tierod will 
sustin. Prototype hold-down 1 was designed to fail in the nails, and 
Prototype hold-dovm 2 in the steel tierod. 
Quantity Units 1 2 
Plate Length mm 200 300 
Number of nails 18 42 
lfail ,;,..-d_nd / seismic Load kN 9 21 
Nail Ultimate Load kN 27 63 
Tierod Design (0.6 Fy, Grade 250) kN 12.6 12.6 
Tierod Yield (Fy Grade 250) kN 21 21 
Load at 4 mm slip mm 26 26 
Maxi mum load on hold-drnm kt, 33 35 
Displacement at Maximum mm 9.5 14 
Failure mechanism Nails Tierod 
Table 6. 2 Sheanvall hold-drnm Details 
Figure 6.5 is the load-displacement plot for the two Prototype 
hole-Gowns. Prototype 1 gave a load-deflection plot which is similar 
to Cleat 2, except for a fall and subsequent rise in stiffness at 4 mm 
displacement. This distortion in the curve is caused by yielding of 
the steel tierod. Thus Prototype 1 had almost enough nails to cause a 
tension failure of the tierod. The effect of tierod yield is more 
pronounced in the plot for Prototype 2. 
Plate 6.4 shows Prototype 11w"'ith a load of 20 kN, where the 
hold-down is beginning to pull away from the timber at the top. This 
is a result of the eccentricity of the centreline of the tierod. This 
feature was not noticed in Prototype 2. 
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Figure 6.4 Prototype hole-co,\~ construction details. 
Plate 6.3 The Prototypes after testing. 
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Figure 6.5 Load-displacement curves for Prototype hold-downs. 
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4. ANGLE Sl-lE/lBPl.ATE 
An angle shearplate (fig.6.6 and Plate 6.5) used on the frames 
described in Chapter 5 was tested. Dial gauges were used to record the 
displacements of the angle shearplate at peak loads in the loading 
history. 
Table 6.3 gives the force on the frame (Column 1) and the 
resulting displacements. Column 2 gives the displacement of the top of 
the frame. Columns 3 and 4 give the vertical displacements of the 
frame relative to the restraining column on each side of the frame. 
The left hand side of the f rame was free (fig . 6. 7(a)), but the right 
hand side had a steel plate under the base (fig. 6.7(b))to simulate a 
concrete floor. The last three columns of Table 6.3 give the rotation 
and displacements of the angle shearplate relative to the frame member. 
Load Frame Right Left Rot X y 
kN mm mm mm rad mm mm 
-----------------------------------------------------------
0 0.0 o.o o.o 0.0 0.0 0.0 
17 9.5 .40 .43 .0009 0.0 -.01 , 
0 1.7 .23 .27 .0007 o.o -.02 
-17 -7.0 .15 -.60 -.0013 0.0 -.03 
0 -1.5 .17 -.39 -.0010 o.o -.01 
17 9.5 .38 .38 .0010 0.0 .00 
0 1. 7 .24 .24 .0010 0.0 -.01 
-17 -7.0 .15 -.62 -.0016 0.0 -.02 
0 -1.5 .17 - .42 -.0014 0.0 - .01 
32 21.5 1.87 1.85 .0086 .21 .01 
0 6.0 1.22 1.24 .0088 .11 .03 
-25 -16.2 .48 -1.40 -.0099 -.30 .10 
0 -4.0 .57 -. 77 -.0056 -.24 .08 
25 18.5 1.53 1.70 .0112 .OS .06 
0 5.0 1.16 1.13 .0080 .OS .06 
- 34 -24.5 .23 -2.92 -.0232 -.92 .23 
0 -7.5 . 37 -2.08 -.0256 .32 .70 
34 27.0 1. 93 1.96 .0161 .04 .11 
0 6.0 1.66 1.40 -.0031 .04 - .56 
-42 -33.0 .12 -5.04 -.0380 1.60 .40 
0 -10.0 .31 -3.98 -.0262 1.25 .34 
Table 6.3 Data from angle shearplate test. 
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Figure 6.6 Dimensions of angle shearplate. 
Plate 6.5 Testing of the angle shearplate. 
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Columns 2 and 3 of Table 6.3 show similar magnitudes of 
displacement between the frame and retaining column on both sides of 
the frame when loaded in the positive direction. when loaded in the 
negative direction the free side (left) displaced but the right side 
was prevented from displacing to a negative value by the steel plate 
under the base. 
Figure 6.8 is the load-deflection plot for the top of the frame. 
It shows that the behaviour of the frame was reasonably symmetric when 
loaded in both directions, but when loaded in the negative direction 
the frame was stronger. This is most likely due to the presence of the 
steel plate under the base of the frame . 
5. DISCUSSION 
'The concret e fixing cleats all had a large displacement bef or e 
the l oad reached the maximum. To minimise the displacement of the 
hold-crn-m connection the washer has to be larger than the standard 
Lumberlok washer and the supporting material should be stiff. 
TI1e displacements of the prototype hold-downs at the maximum 
load were similar to those for the cleats but the load at 4 mm 
displacement were higher. 
There appears to be no advantage in the extra plate length or 
the greater number of nails in Prototype hold-doivn 2. 
FRAME 
~ PK1_3\e. sn=rpa-\e. 
t:esto:::::l 
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Figure 6.8 Load-deflection plot for frame. 
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CHAPTER VII 
NAIIDN PLATE JOI1'H' MODEL 
1. INTRODUCTION 
The numerical model presented in this chapter represents the 
behaviour of a Nailon plate to timber connection subjected t o monotonic 
loading , the load being applied at a position which is not concentric 
with the centroid of the nailgroup. 
Yap[12] and Edwards[3] have both used numerical models to 
compute the moment applied to a nailgroup for given a joint rotatior.. 
Their models are for large moment-resisting joints with hundreds of 
nails as would be found in a portal frame joint. Because of the large 
magnitude of the moment in those joints and the large number of nails 
sharing the applied load, their models did not include the effects of 
translation of the plate. 
2. THEORY 
The model presented here assumes that the 
rotates and translates as a rigid body (fig. 7.1). 
the assumption that the plate is unable to buckle 
because of their close spacing. 
Nailon plate itself 
This is based on 
between the nails 
Figure 7.1 Rigid body rotation of the Nailon plate. 
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Because the Nailon plate is assumed to rotate and translate as a 
rigid body, computation of the total applied force in a given direction 
is a simple summation of the forces resisted by the individual nails in 
that direction. 1he components of the displacements in the two axis 
directions are summed vectorially to obtain the total displacement 
(fig. 7.2) of each nail. The resulting force on the nail is computed 
using the force-displacement relationship derived in 01apter 2. TI1e 
compor:ents of the nail force in the axis directions are asmed to be 
proportional to t~e displacement in those directions. TI1ese forces are 
t hen summed to obtain the total force in each direction and also t he 
total moment about the centroid. 
Let 
DISP Oie.~\:. 
Figure 7.2 Individual nail force contribution. 
X the x-coorcinate of the nail relative to the nailgroup 
centroid. 
Y they-coordinate of the nail relative to the nailgroup 
centroid. 
dX the displacement of the nailgroup centroid alon8 t he x 
axis. 
e the angle through which the plate rotates. 
~\ = the nail displacement in the X direction. 
;) 1 = the nail displacement in they direction. 
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From Figure 7.2, assuming that the angle O is small, DX and DY 
are related to the nailgroup displacements dX and Oby equations 7.1. 
The total displacement (DISP) of the nail is the vector sum of the 
components DX and DY, given by equation 7.2. 
DX Y.6 + dX DY x.e ( 7 .1) 
DISP 
I ~ 
I DX "' + 
' 
DY,._ (7.2) 
The tangent stiffness is then computed with the displacement 
equation obtained in Chapter 2 modified to give the stiffness (K) 
instead of the force (eq. 7.3). This equation is independent of the 
orientation of the grain as is Equation 2.2 from which it is obtained. 
The direction of the force is the same as the direction of the 
displacement as DISP and Kare both positive. 
K 
1 ( 1.357 DISPC.S4 
DISP ( 0.933 + 0.5 ln (2.DISP) 
0 < DISP < 1.0 mm 
0.5 < DISP < 5.5 mm ( 7. 3) 
The total force on the plate is then computed, using equations 
7.4, as the sum of the contribution of the individual nail forces. 
X Force K.DX 
Y Force K.DY ( 7 .4) 
Moment K ( Y.DX + X.DY) 
TI1ese equations give the total force and moment applied to the 
plate by the nails. The magnitudes of these forces are a function of 
the magnitudes of the translation and rotation of the plate. The plate 
must satisfy the equations ofequilibrium of the applied forces, so one 
of the displacements (translation or rotation) must be itteratively 
changed until equilibrium is satisfied. 
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For the angle shearplate model described in the next section, 
equations 7.5 are the equilibrium equations which govern. Equations 
7.6 are obtained from equations 7.4 and 7.5, and these must be 
satisfied for values of translation and rotation applied to the plate. 
The first equation is assumed be true for all values of dX and e. To 
satisfy the second equation the value of dX is changed, using the 
secant method of approximation, until the values computed for the t wo 
sides of the equation differ by a sufficiently small amount. 
X Force FX 
Y Force zer o ( 7 . 5) 
Moment FX -:. ARM 
!-':here ARM is t l-le di s t ance bet ween FX and the nailgroup cent roi d . 
K.DY 
K ( Y.DX + X • .CY 
0 
ARM ·k K. DX ( 7. 6) 
This model is not expected to provide data which exactly matches 
that of a real plate because of the variation in nail data as observed 
in Chapt er 2, but it will provide a model which will have the overall 
characteristics of the connection being modelled. 
3. CP.LIBR/i..TION OF THE MODEL 
This section gives a comparison between t he results obtained 
from t he numerical model and that of a real connection. 
Tne connection is that of the angle shearplate described in 
Chapter 6. The dimens ions of the connection are shown in Figure 7.3. 
For the model, the force is assumed to act through the fold in t he 
plate gi ving a value of Ar~M of 40 mm. 
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Tne computer program for this numerical r.1odel is presented in 
Appendix B. The subroutine second subroutine NAILIN was for this 
model. The data file used for this angle shearplate is on same page as 




+ ~ + i::x. + + 
+ + + + + 
Figure 7.3 Dimensions of t~e angle shearplate tested and 
numerically modelled. 
Plots of force vs centroid displacement and of force vs plate 
rotation have been generated (fig. 7.4). On top of these, the measured 
displacement and rotation have been plotted for compari son. T1ere is a 
difference between the magnitudes of the results from the mccel and 
those of the tested joint, but the model does have the same 
characteristics . There are two reasons whic...1-i may attribute to this 
difference in numerical value. The first reason is that there were 
three similar joints resisting the total load and it was assumed that 
each joint resists a third of the applied load. This joint may have a 
smaller portion of the total load than the other two because of its 
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Figure 7.4 Results from computer model and testing 
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c::::J Indic.ab ho\do~ 
lo.) 
Figure 7.5 a) Real and b) Idealized components of the angle 
shearplate structure . 
The second reason is that there was a measured dis~lace~ent in t~e y-
direction as well as in the x-direction. T:.,is displacement was caused 
by the members holding the fra• e in the reaction frame net allowing 
unconstrained movement to occurr. 
4 • At,'.(;LE SHEA..qJJI..Jl.TE PROPERTIES 
In this section the effects of changing the pattern and number 
of nails in the nailgroup and changing the position of the applied load 
are investigated. 
For the computer mcdel (Appendix B, with the 
the subroutine NP.ILIN) the Nailon plate was divided 
rows and groups to enable the computer input cata 
Fi~ure 7. 6 shows t:ie definition of a RO\J and GROUP 
first version of 
up into a matrix of 
to be simplified. 
of nails. Tne 
nailgroup in the model has RC\JS rows of nails and GROUPS groups of 
nails. 
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Figure 7. 6 Definition of ter ms for angle shearplate 
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of The first property of angle shearplate investigated is that 
the number of GROUPS in a nailgroup. The number of RO\~S was 
constant, and hence the value of ARM. The number of GROUPS was 
kept 
varied 
from 2 to 7. The maximum nail displacement has been plotted against 
the centroid displacement in Figure 7.7. The almost linear 
relationship between the centroid displacement and the maximum nail 
displacement for each nailgroup implies that each nail moves 
approximately in a straight line as the plate is loaded. ·This was not 
expected to occur with only a small number of nails because of the non-
linear load - displacement relationship for the nails. TI1e rotational 
component of the total nail displacement decreases as the number of 
nails in the na i l group is increased . 
The second property investigated was that of varying ARM. This 
models an increase in the edge distance EDGE (fig . 7.6) which is 
governed by minimum distances in design codes. The minimum distance 
EDGE is limited to 10 mm in practice by the difficulty of hammering 
nails close to the fold. 
A constant nailgroup with 3 Rrn~s and 5 GROUPS was used for this 
investigation. Figure 7.8 shows the Load plotted against the 
displacement of the angle shearplate centroid. The curve for ARM (A)= 
G has been plotted in Figure 7.8 for comparison.Tne curves are 
terminated where the maximum nail displacement exceeds 5 m~. 
Increasing ARM causes a reduction in the load carrying capacity 
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Fi gure 7. 8 Curves from variation in number of GROUPS. 
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Figure 7. 9 Curves from variation in ARM (A). 
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5. M'GLE SHEARPlATE LOAD-DISPUCEMENT CURVES 
Two series curves (fig 7.9) have been produced for the applied 
force at the fold and the fold displacement. The force is plotted as 
the force per ROW of nails. The number of ROvJS of nails is represented 
by different types of line. Figure 7.9(a) is for a timber edge 
distance of 10 mm and Figure 7.9(b) is for an edge distance of 15 mm. 
The 10 mm edge distance is the mini:nu~ and this will normally apply to 
a nailgroup in the centre of the timber member (e.g. in the restraining 
columns of the frames cescribed in Chapter 5). The 15 mm edge distance 
is for a nailgroup which is close to the edge cf the timber :nember. 
Figure 7 .10 shows the nailgroup positions for t:-iese two edge values. 
Figure 7.10 Nailgroup positions for curves in Fig. 7.9 
TI1e stiffness and design load for the connection increases with 
an increase in the number of RC\~S and GROUPS. The stiffest connection 
has a sr:iall value of ARM and a large number of GROUPS. 
All of the curves in Figure 7.9 have a similar shape so it may 
be possible to predict the displacement of the fold using one 
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Figure 7.10 Load-displacement curves for edge distances of 
a) 10 mm and b) 15 mm. 
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CHAPTER VI II 
CONCLUSIONS AND RECOMMENDATIONS 
1. COt~CLUSIONS 
A type of bracing frame to resist lateral force in timber 
structures has been proposed. 
Toe shape of the hysteretic loop for Nailon plated joints is 
typical of those of nailed joints. The joint exhibits slackness and 
the load-displacement curve is bounded by the monotonic curve after 
cyclic loading . Thus good seismic behaviour can be expected from this 
type of joint. 
The nail loads for nails in Nailon pla t e connections appear to 
be conservative in Lumberlok data and NZS 3603:1981. 
Sawn timber diagonally braced frames 
connections are strong, stiff and ductile. 
with Nailon plate 
The actual stiffness of timber frames is less than their 
calculated stiffness, a significant portion of this reduction arises 
from displacements at the hold-down connections. 
One millimetre thick Nailon plate is suitable for diagonally 
braced frames. Two millimetre thick Nailon plate is only required when 
short l engths of plate across the joint are subject to a high shear 
stress. 
Cetailing of joints must take into .account the combination of 
perpendicular-to-grain tension and shear as this may produce a brittle 
failure of the timber. 
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Design must take into account the out-of-plane buckling of the 
timber members. This buckling produces a ductile behaviour if the 
• embers do buckle but the rotations produced at the joints are 
undesirable. 
Strip brace and toothplates exhibit brittle failure mechanisms. 
They should not be expected to have any ductility. 
Folded Nailon plate connections have been investigated and 
design guidelines have been proposed. 
2. RECOMMENDATIONS 
More investigation is required on joints in which shear and 
perpendicular-to-grain tension are likely. 
The design proposals for folded Nailon plate could be refined 
and extended to other uses for Nailon plate. 
The design loadings for nails in Nailon plate shoulc be revised 
as they appear to be conservative. 
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BP.SIC NAIL lDAD COMPUTATION 
The basic working load for metal fasteners is c1etermined by the 
requirements set out in P.,S 1649-1974 and NZS 3603:1981 Appen0ix A. 
The joint load for a joint slip of 0.8 mm (colu~n. 1, Table A.1) 
and the maximum joint load (column. 2) is measured from Figure 2.lO(b). 
AS 1649 cl 6.3.3(b) requires that a log-normal distribution be used, so 
the average and standard deviation of the logarithm of the joint loads 








































Table A.1 Log-normal average and standard deviation of 
joint loac:1s. 
The formula 0iven in Appendix l3 of AS 1649 is rr.od ified to give 
the 5 percentile load because the sample size is smaller than that for 
which values are tabulated in NZS 3603 :cl Al. 1. The 5 percentile lower 
probability limit (LPL) is thus computed using Formula A.1. 
e.g. 
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LPL = EXP( y - s t 0_05 ,n-l j 1 + 1/n' 
where: y = Average of ln(load) 
s = Standard Deviation of ln(load) 
n = Number of specimens 
t Student t distribution value 
to.o5,5 = 2.02 
LPL1 = EXP( 0.858 - 0.0672 -,', 2.02 1 + 1/6 




t·iaximum). 'These values are then used in the formulae from AS 16Li-9: cl 
6.3.3 (A.2 ) to obtain the unit l ateral load (ULL); the smallest of the 
t wo is the required value. The ULL is the smaller of the two values so 
that the nails do not require too large a slip before resisting the 








( P .. 2) 
'This gives values of ULL1 = 630 and ULL2 790 N / nail, 
therefore the load is based on the 0.8 mm slip value and ULL 630. 
Tt1is value has to be modified to the reference density for the timber 
species used as specified in NZS 3603:cl A1.2. The average density for 
the test specimens was 527 kg/rrZ, the Test density for 12 % moisture 
content is 486 kg/mJ. 'This givics a Basic Vorking Load (Ehl,) of 580 N 
per nail. 
B\JL = 630 ;', 486 
527 580 N 
This value is only representative of joints constructed dry and 
under dry service conditions. A loading rate of 2 mm/min was used for 
the testing which is greater than the rate of 1.25 mm/min specified by 
AS 1649, but the Basic Working Load obtained is only for comparison 
with other nail load data. 
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APPENDIX B 
PR(X;RAM FOR COMPUTER MODEL 
This is a copy of the computer program, 
used for modelling Nailon plate connections. 
of 100 increments of plate rotation, 
described in Chapter 7, 
The program, for a series 
computes the centroid 
displacement, Daximum nail displacement , and the 
relative to the timber as well as the applied 
corner displacement 
X-force. The co-
ordinates of the nails and the distance between the centroid and the 
position at which the force is applied are required as input data. TI1e 
co!'flputed values may then be graphed to obtain the plots given in 
Chapter 7. 
The program is written in the FORTRAN progra• ming language and 
runs on a Vl'v.. 11/750 but should run without modification on most 
~ac~ines. The program is divided into subroutines to simplify the 
l ogic and to enable t wo different sources of nail co-ordinate data to 
, ,..1 De useu . 
The subroutine Nl\ILIN is given in two versions. The first version 
reads the input data from a file stored in the computer and the dat a 






up to 80 characters describing the nailgroup data 
NNAilS - the number of nails in the nailgroup 
x,y of the centroid of the nailgroup (0.0 0.0) if unknown 
x,y co-ordinates of the NNAILS nails 
The second version of NAILIN is for a length of Nailon plate with a 
total of GROUPS -:, ROWS nails in it. 
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The computer input and output files are as follows:-
File ", l~O, File 
1 Data input file - co-ordinates of the nailgroups 






i.e. by a plotting subroutine 
- input of variables by operator 
- for monitoring program progress and 
Toe subroutines are called in the following order from the MAIN 








- Nail input or co-ordinate computation 
- Computat i on of the centroid of the nailgroup 
- Computes value of THETA to give 100 points 
- Secant methoc of equilibrating forces 
- Computes total forces acting on plate 
- Computes tangent stiffness for nail ciisp. 
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C 
C Program computes force-displacement relationship for Nailon plate. 
C Calculatess out 100 points on curve up to a maximum nail 
C displacement of 5 mm. Loops on THETA, computing the centroid 
C displacement of the Nailon plate, the maximum nail displacement, 
C the displacement of the fold and the force on the plate. 
C 











THETMAX = TMAX(NAILS,ARM) 
\.IRITE(6,630) 
Input nail co-ordinates 
Compute maximum theta required 
C Scale all the curves to a common size 
C 
READ(5, *)SCALE 
WRITE(2,640)0.0,0 . 0,0.0,6.0,SCALE 
WR I TE (2,640) 0. 0, 0. 0, 0. 0, 6. 0, 0. 0 
DO 10 l=0,100 
THETA = THETMAX * FLOAT(!) / 100 . 0 
CALL SOLVE(THETA,ARM,NAILS,FORX,DISX,MAXDIS) 
TOTDIS = DISX + ARM * THETA 







FORMAT(/' Lumberlok Nailon Plate Analysis v2.0' / 
' Rotation controlled; Please enter:-'/) 
FORMAT( ' Rotation X-Displ Max-Dis Tot-Dis 
rad mm 







C Compute nail positions 
C 
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DATA XCOORD I 5 • I 30, I 
DATA YCOORD I 5 • I 1 5 • I 
DATA XSPAC I 39.5 / 
DATA EDGE I 1 0. 0 / 
WRITE(6,600) 
READ ( 5, ~)ROWS, GROUPS 
IND= 2 
DO 10 GROUP !,GROUPS 
DO 20 ROW= !,ROWS 
IND= IND+ 1 
IO. , 2 5. , 
25 • I 35, I 
5 • I 30, I IO. , 25. 
4 5, I 55 , J 65, I 75. 




NAILS ( I , .1 ) = I NT ( IND - 2 ) 
CALL CENTR(~AILS) 
ARM= EDGE+ YCOORD(ROWS) - NAILS(2,2) 
RETURN 





C Find centroid of nail group and alter co-ordinates to be 






V 1. 0 25-0ct-87 
I. I 5-Nov Relpaced variables 
INTEGER NNAILS, II 
REAL NAILS(I00,2) 
DOUBLE PRECISION xx, yy 
NNAILS INT(NAILS(l,l)) 
xx = 0.0 
yy = 0.0 
DO 10 II =3,NNAILS t 2 
10 CONTINUE 
XX XX+ NAILS(II,I) 
YY = YY t NAILS(II , 2) 
X = SNGL(XX) / NAILS(!,!) 
Y = SNGL(YY) / NAILS(l,1) 
DO 20 II = 3,NNAILS + 2 
with a single array 
NAILS(II,1) NAILS(II,1) - X 
NAILS(II,2) NAILS(II,2) Y 
20 CONTINUE 





REAL FUNCTION TMAX(NAILS,ARM) 
C 
C Function to compute the value of theta which will give 







REAL D,DISX,DM1,DMAX,DP1,EPS,ERR,FORX,MAXDIS, T, TM!, TP! 
INTEGER ITT 
DATA MA XDIS,EPS / 5.0, 0.005 / 
TM! = . 0003 
CALL SOL VE(TM!,ARM,NAIL S,FORX,DISX,DMAX) 
DMI DMAX - MAXDIS 
T . 0005 
CALL SOLVE(T ,ARM,NAILS,FORX,DISX,DMAX) 
D = DMAX - MAXDIS 
ITT 0 
10 CONTINUE 
TPI = (D'TMI - DMl*T) / (D - OM!) 
CALL SOLVE(TP!,ARM,NAILS,FORX,DISX,DMAX) 
DP! = DMAX - MAXDIS 
ERR= DP! / MAXDIS 
IF(ITT.GT.6) ~RITE(6,600)ERR,ITT 
IF(ABS(ERR).LT.EPS) GOTO 20 
DM! D 
TM! T 
T = TP! 
D = DP! 
I TT = ITT 
GOTO 10 
20 CONTINUE 
TMAX = TPl 
RETURN 
+ 1 





C This routine solves for FORX and DISX given the co-ordinates of 
C the nailgroup in array NAILS. The secant method of approximation 
C is used, solving for the x-displacement by applying equilibrium 















DATA EPS / 0.004 
FORX 0.0 
OISXPl = 0. 0 
DMAX = 0.0 
lF(ABS(THETA) . LE.I.OE-5) GOTO 20 
Return if very small rotation 
Compute the initial value 
DISXMI = 0.0 
CALL SUM(THETA,DISXMl,NAILS,FORX,FORY,HOM,DMAX) 
RSLTMl FORX • ARM - MOM 
DISX 0. 1 
CALL SUM(THETA, DISX 
RSLT = FORX • ARM 
I TT = 0 
Second initial value 
,NAILS,FORX,FORY,MOM,DHAX) 
- MOM 
Begin itterative solution 
CONTINUE 
DISXPl = (RSLT'DISXMl - RSLTMl'DISX)/(RSLT - RSLTMl) 
CALL SUM(THETA,DISXPl,NAILS,FORX,FORY,MOM,DMAX) 
RSLTPl = FORX • ARM - MOM 
IF(MOM.GT.0.0001) THEN 




Print message if not converging 
IF(ITT.GT.5) I-JRITE(6,600)ERR,ITT 
IF(ABS(ERR).LT.EPS) GOTO 20 









= ITT+ 1 
20 CONTINUE 
RETURN 
600 FORMAT(lX,'Error of',Fl0.7,' at itteration' 





C This subroutine computes the summed forces and moment of the 
C group of nails passed in the array NAILS by displacing each 





B.L.Deam v!.O 3-February-1987 
REAL TH ET A, DX, FORCE X, FORCE Y, MOMENT, D MAX, NAILS ( 100, 2) 
REAL DISP,K,SX,SY,X,Y 
DOUBLE PRECISION FX,FY,SFX,SFY,SMOM 
INTEGER I, NNAILS 
NNAILS = INT (NAILS( I, I)) 
DMAX 0.0 
SFX = 0,0 
SFY 0.0 
SMOM = 0.0 
C Perform Summation over all nails 
DO 10 1,NNAILS 
X = NAILS(I+2,1) 
y NAILS(I+2,2) 
sx y k THETA + DX 
SY -X ' THETA 
DISP soRT(sxtsx + 5ytsy) 
C Find maximum nail displacement 
IF(DISP . GT.DMAX) DMAX = DISP 
K STIFF(DISP) 
FX DBLE(SX 'K) 
FY DBLE(SY' K) 
SFX SFX + FX 
SFY = SFY + FY 








C 600 FORMAT(lX,'SUM',6F!0.5) 
END 
REAL FUNCTION STIFF(XX) 
C 
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C Stiffness derived from Gang-Nail 1mm thick plate tests 
C 
REAL FORCE,DISP,XX,S 
DISP = ABS(XX) 
IF(DISP.GT . 0.001) THEN 
IF(DISP.LT.O . S)THEN 
FORCE 1. 357 • DISP u 0. 5~ 
ELSE 
FORCE 0. 933 + 0.5 • ALOG(2'DISP) 
ENDIF 









C Input matrix NAILS from input file FOROOl, and compute the centroid 










Write out description of nailgroup 
DO 10 II = 2,INT(NAIL S(l,1))+2 
RE AD ( 1 , ~ ) NA IL S ( I I , I ) , NAILS ( I I , 2) 
10 CONTINUE 
C Compute centroid if X and Y centroids are equa l to zero 
C 
IF(NAILS(2,l).E0 . 0.0.AND.NAILS(2,2).EQ.O , O) CALL CENTR(NAILS) 
C 






603 FORMAT(' ARM') 
END 
Bent Nailon Plate as used for hold-down test 
11 
0.0 0.0 













1he followin8 is the method of computing the failure load of 
a toothplate connector . 1he failure loads are computed from the 
Gang-Nail System Manual [4] by dividing the working load for the 
plate by O.G. 
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THE PERFORMANCE OF U .TEr;.i\LLY l.DADED CROSS-BRACED TIMBER 
FRAMES 
E.L. Deam 
ABSTRP,CT: Laterally loaded cross-braced frames are 
identified as being ductile or non-ductile. 
Load-displacement characteristics and strength of 
frames and individual joints are determined from 
tests. 1\ailon plate is suitable for joints. 
Design data is presented for a particular Nailon 
plate connector. 
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